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mote	 their	origin	and	maintenance	 is	 thus	of	considerable	 interest.	One	major	pro-
posed	 mechanism	 is	 ecological	 speciation	 through	 host-	associated	 differentiation	
(HAD),	 the	divergence	of	a	polyphagous	species	first	 into	ecological	host	races	and	
eventually	into	more	specialized	daughter	species.	The	rich	chalcid	parasitoid	commu-
nities	 attacking	 cynipid	 oak	 gall	 wasp	 hosts	 are	 structured	 by	multiple	 host	 traits,	
	including	 food	 plant	 taxon,	 host	 gall	 phenology,	 and	 gall	 structure.	 Here,	 we	 ask	
whether	the	same	traits	structure	genetic	diversity	within	supposedly	generalist	para-
sitoid	morphospecies.	We	use	mitochondrial	DNA	sequences	and	microsatellite	geno-
types	 to	 quantify	 HAD	 for	 Megastigmus (Bootanomyia)	 dorsalis,	 a	 complex	 of	 two	











biological	 control.	 This	 is	 of	 significance	given	 recent	 rapid	 range	expansion	of	 the	
economically	damaging	chestnut	gall	wasp,	Dryocosmus kuriphilus,	in	Europe.
K E Y W O R D S
community	evolution,	Cynipidae,	ecological	speciation,	host	race,	Megastigmus dorsalis,	
specialization
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1  | INTRODUCTION
Insect	communities	comprising	insect	herbivores	and	their	parasitoid	
natural	 enemies	 dominate	 terrestrial	 animal	 biodiversity	 and	 fulfill	
multiple	ecological	roles	(Feder	&	Forbes,	2010;	Futuyma	&	Agrawal,	









&	Morehead,	 2003;	 Drès	 &	Mallet,	 2002;	 Linn	 et	al.,	 2003;	 Lozier,	
Roderick,	&	Mills,	2007;	Powell,	Forbes,	Hood,	&	Feder,	2014).
In	addition	to	herbivores,	host	race	formation	(also	termed	host-	
associated	 differentiation,	 HAD)	 can	 have	 cascading	 effects	 across	
higher	trophic	levels	(Abrahamson	Blair,	Eubanks,	&	Morehead,	2003;	
Feder	&	Forbes,	2010;	Price	et	al.,	1980;	Stireman,	Nason,	Heard,	&	
Seehawer,	 2006).	 Host-	associated	 differentiation	 is	 also	 thought	 to	
be	important	in	diversification	of	the	parasitoid	natural	enemies	that	
impose	 high	 mortality	 on	 many	 insect	 herbivores	 (Bird,	 Fernandez-	







wide	 host	 range).	The	 paradox	 is	 that	we	 expect	 generalist	 parasit-
oids	to	reduce	host	species	richness	because,	in	the	absence	of	other	
structuring	processes,	parasitoid	populations	 that	 result	 from	attack	
of	 one	 host	 can	 have	 negative	 impacts	 on	 other	 hosts	 and	 poten-











ment,	 including	 biological	 control	 of	 herbivorous	 pests	 (Carvalheiro,	
Buckley,	Ventim,	Fowler,	&	Memmott,	2008;	Henneman	&	Memmott,	
2001),	and	predicting	the	impacts	of	range	expansions	associated	with	
anthropogenic	 introductions	 and	 climate	 change	 (Nicholls,	 Fuentes-	
Utrilla,	et	al.,	2010;	Sax	et	al.,	2007).
Here,	 we	 explore	 the	 potential	 for	 HAD	 in	 an	 apparently	 gen-
eralist	 chalcid	 parasitoid	 associated	with	 a	 speciose	 guild	 of	 insect	














leaves,	buds,	 acorns,	 roots,	 stems,	or	 catkins;	Cook,	Rokas,	Pagel,	&	














extend	 this	work	 by	 asking	whether	 the	 same	 gall	 traits	 that	 struc-
ture	parasitoid	 communities	 (phenology,	plant	organ	galled,	 and	 the	
section-	level	identity	of	the	food	plant)	also	structure	genetic	variation	
within	an	apparently	generalist	parasitoid.
Interest	 in	 host-	associated	 differentiation	 in	 cynipid	 galls	 has	
grown	 in	response	to	the	detection	of	morphologically	cryptic	para-
sitoid	 species	 using	molecular	 approaches	 (Kaartinen,	 Stone,	Hearn,	
Lohse,	&	Roslin,	 2010;	Nicholls,	 Preuss,	 et	al.,	 2010).	 Several	 of	 the	
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and	three	unlinked	nuclear	markers	(Nicholls,	Preuss,	et	al.,	2010)	has	
shown	 it	 to	 contain	 two	 cryptic	 species	 (hereafter	 called	M. dorsalis 
sp.1	and	M. dorsalis	sp.2),	identifiable	with	100%	accuracy	using	cytb	


















galls	whose	traits	span	the	known	diversity	for	hosts	of	M. dorsalis to 
ask	the	following	questions:
1. Do	 the	 two	 cryptic	 species	 differ	 in	 the	 spectra	 of	 host	 gall	
wasps	 they	 attack,	 with	 particular	 respect	 to	 oak	 food	 plant,	








On	a	second	 temporal	 scale	of	 just	 several	hundred	years,	we	ex-
amine	evidence	for	more	recently	established	host	association	patterns	
using	a	further	52	samples	collected	in	the	United	Kingdom.	Since	the	
1840s,	 the	UK	has	 been	 invaded	by	 a	 suite	 of	 oak	 gall	wasp	 species	
from	southern	European	 refugial	areas	 following	anthropogenic	plant-
ing	 of	Turkey	 oak	 (Q. cerris)	 throughout	 northern	 Europe	 (Schönrogge	
et	al.,	2012;	Stone	et	al.,	2007).	Genetic	evidence	indicates	that	invad-


















southern	gall	wasp	 species.	Potential	 for	host	pursuit	 is	 supported	by	
the	abundance	of	M. dorsalis	as	a	parasitoid	of	potential	source	popula-
tions	of	the	invading	gall	wasps	in	southern	Europe	(Askew	et	al.,	2013;	













3. Are	 patterns	 of	 genetic	 diversity	 in	 UK	 M. dorsalis	 reared	 from	
invading	 host	 galls	 more	 compatible	 with	 the	 local	 recruitment	
or	 host	 pursuit	 hypothesis?




shown	to	be	 from	M. dorsalis	 sp.1	and	two	from	M. dorsalis	 sp.2,	
and	a	further	281	Hungarian	individuals	(of	which	171	proved	to	
be	 from	M. dorsalis	 sp.1	and	110	from	M. dorsalis	 sp.2).	We	gen-
erated	novel	microsatellite	 data	 for	 all	 112	M. dorsalis	 sp.2	 indi-
viduals.	The	UK	sampling	 incorporates	20	 individuals	 sequenced	
by	Nicholls,	 Preuss,	 et	al.	 (2010),	 and	 an	 additional	 32	 individu-
als.	Cynipid	oak	galls	were	collected	at	multiple	sites	 in	Hungary	
and	adjacent	areas	of	Austria	(henceforth	simplified	to	“Hungary”)	
between	 1999	 and	 2006	 (Figure	1).	 Full	 metadata	 for	 all	 sam-
pled	 galls	 and	 M. dorsalis	 specimens	 are	 given	 in	 Appendix	S1.	
Galls	 were	 reared	 singly	 at	 ambient	 temperature,	 and	 emerging	
parasitoids	were	stored	in	100%	ethanol.	Megastigmus dorsalis	in-
dividuals	were	selected	with	no	prior	knowledge	of	 their	assign-
ment	 to	either	 cryptic	 genetic	 species	 in	 this	 complex.	 Sampling	
was	balanced	across	host	oak	 lineages	 (section	Cerris	vs.	section	
Quercus	 oaks),	 and	 structured	 to	 include	 a	maximum	of	 45	 indi-
viduals	obtained	 from	as	many	of	 the	major	host	gall	wasp	 line-
ages	as	possible	(either	different	gall	wasp	genera	or	major	clades	
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within	the	speciose	genus	Andricus,	following	the	classification	of	
Stone	 et	al.,	 2009).	 Some	 oak	 galls	 contain	 multiple	 host	 larvae	





ing	 from	 native	 galls	 (Andricus curvator,	 A. foecundatrix,	 Biorhiza 
pallida)	and	those	from	galls	of	species	that	have	recently	invaded	
the	UK	from	central	and	eastern	Europe	 (A. aries,	A. grossulariae,	








ther M. dorsalis	sp.1	or	M. dorsalis	sp.2	(Nicholls,	Preuss,	et	al.,	2010).	








tain	 substantial	 genetic	 diversity	 (Nicholls,	 Preuss,	 et	al.,	 2010),	 and	
that	showed	significant	host-	associated	genetic	structure	in	the	cytb	
data	presented	here.	All	loci	(Mdo6,	Mdo7A,	Mdo9,	Mdo12,	Mdo16,	
Mst2,	 Mst13,	 and	 Mst14)	 were	 amplified	 following	 conditions	 in	
Garnier,	Verduijn,	 Preuss,	Wolff,	 and	 Stone	 (2008).	Amplicons	were	
run	on	an	ABI	3730	capillary	machine,	 and	allele	 sizes	 scored	using	
GeneMapper	v4.0	(Applied	Biosystems,	Foster	City	CA,	USA).
2.3 | Microsatellite analyses
Population	 structure	within	 the	eight-	locus	microsatellite	data	 from	
M. dorsalis	 sp.2	 was	 examined	 using	 the	 Bayesian	 model-	based	







choice	 of	 ancestry	 and	 allele	 frequency	models	was	 determined	by	
conducting	 two	 runs	 for	 each	 combination	 of	models	with/without	
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with	 the	oak	association	of	 their	host	gall.	We	 therefore	conducted	
additional	ancestry	analyses	in	Structure	incorporating	host	food	plant	
information	as	a	prior	 to	assess	whether	 such	mismatches	could	be	
explained	 by	 introgression	 between	 populations	 attacking	 hosts	 on	
the	different	oak	 lineages.	 Six	of	 the	112	 individuals	 genotyped	 for	
microsatellites	 showed	 host	 associations	 inconsistent	with	 expecta-
tions	based	on	their	nuclear	genotype,	so	this	frequency	was	used	as	









were	 assessed	 using	 analyses	 of	 molecular	 variance	 (AMOVA)	 in	
















Individual-	level	 data	 across	 the	M. dorsalis	 complex	 were	 collapsed	
into	 unique	 haplotypes,	 and	 individuals	 were	 allocated	 to	 one	 or	
other	of	the	known	cryptic	species	in	this	complex	following	phylog-
eny	reconstruction	using	MrBayes	v3.2.6	(Ronquist	et	al.,	2012).	One	
sequence	 was	 included	 from	 each	 of	 the	 other	 three	Megastigmus 
species	attacking	oak	gall	wasps	in	the	Western	Palaearctic,	M. dumi-
cola	 (GenBank	 GU123593),	 M. stigmatizans	 (GenBank	 FJ026675),	
and	M. synophri	 (GenBank	GU123575),	with	M. synophri	specified	as	
the	 out-	group	 in	 the	 analysis	 following	 the	 phylogeny	 presented	 in	
Nicholls,	 Preuss,	 et	al.	 (2010).	 Initial	 assessment	of	 the	base	 substi-
tutions	present	 in	our	data	 revealed	 limited	 informative	variation	 in	
first	or	second	positions,	and	some	types	of	transversions	were	never	
observed.	Hence,	the	data	were	divided	into	two	partitions	(combined	
1st/2nd	 codon	 positions,	 and	 3rd	 codon	 positions)	 with	 independ-
ent	 HKY	+	I	+	G	 substitution	 models	 estimated	 for	 each	 partition.	



















Taxon assessed Source of variation df Variance component % of total variation F- statistics p- value
(a)	Microsatellite	spatial	structure	among	Hungarian	regions
M. dorsalis	sp.2 Among	regions 3 −0.098 −5.92 FCT	=	−0.059 .915
Among	sites	in	
regions
9 0.311 18.73 FSC = 0.177 <.001




Among	regions 3 −0.036 −8.55 FCT	=	−0.086 .984
Among	sites	in	
regions
12 0.077 18.41 FSC = 0.170 <.001
Within	sites 243 0.378 90.14 FST = 0.099 <.001
M. dorsalis	sp.2 Among	regions 3 −0.034 −7.03 FCT	=	−0.070 .849
Among	sites	in	
regions
9 0.110 23.07 FSC = 0.216 <.001
Within	sites 85 0.402 83.95 FST = 0.160 <.001
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chain	swapping	were	assessed	using	Tracer	version	1.6	 (Rambaut	&	
Drummond,	2007),	and	a	50%	majority-	rule	consensus	tree	was	gen-
erated	 from	 samples	 taken	 during	 the	 last	 3	million	 generations	 of	
each	run.
As	with	 the	microsatellite	data,	AMOVAs	were	conducted	on	the	
Hungarian	cytb	data	 to	 test	 for	parasitoid	genetic	structuring	 in	 rela-
tion	to	host	gall	traits.	All	cytb	AMOVA	analyses	were	conducted	both	
across	all	samples	(to	test	for	ecological	divergence	between	the	two	
cryptic	 species	 in	 the	M. dorsalis	 complex)	 and	within	M. dorsalis	 sp.2	






The	 first	 compared	 samples	derived	 from	native	UK	host	 galls	with	
samples	 from	Hungarian	host	 galls,	 to	 establish	whether	underlying	
geographic	structure	was	present	to	allow	discrimination	between	the	
local	recruitment	and	host	pursuit	hypotheses.	Subsequent	AMOVAs	
examined	 genetic	 differentiation	 between	 UK	 M. dorsalis	 emerging	
from	 invading	hosts	and	either	 (a)	native	UK	hosts	or	 (b)	Hungarian	
hosts.
A	 parsimony	 network	was	 computed	 for	 the	 cytb	 haplotypes	 in	





3.1 | Host- associated differentiation in a long- 
established refuge population




salis	 sp.1	 (n	=	204	 individuals)	 as	 defined	 by	 Nicholls,	 Preuss,	 et	al.	
(2010),	while	45	were	placed	in	M. dorsalis	sp.2	(n	=	112	individuals).	
Representative	 sequences	 for	 each	 haplotype	 have	 been	 depos-




of	M. dorsalis	 (Figure	2;	mean	haplotype	divergence	=	9.90%,	 range	
8.08%–11.32%).	Megastigmus dorsalis	 sp.1	showed	very	 little	haplo-
type	diversity	(mean	divergence	=	0.76%,	range	0.23%–2.54%),	while	
M. dorsalis	 sp.2	 had	 higher	 diversity	 distributed	 among	 four	 well-	
supported	 subclades	 (average	 haplotype	 divergence	 between	 sub-






one	 locus	 could	 not	 be	 scored	 (full	 dataset	 available	 in	Appendix	S2).	
Allelic	 richness	 ranged	 between	 3	 and	 17	 alleles	 per	 locus	 (average	
10.1;	Appendix	S2).	Most	samples	(88%)	were	obtained	from	four	main	














No. sp. 1 
individuals





Section	Cerris 116 49 165
Section	Quercus 88 63 151
Phenology	of	host	gall
Spring	gall 49 73 122
Autumn	gall 155 39 194
Plant	organ	galled	by	host
Acorn 18 8 26
Bud 107 49 156
Catkin 10 23 33
Leaf 42 6 48
Shoot 27 26 53
Host	gall	clade
A. foecundatrix	clade - 1 1
A. inflator	clade - 8 8
A. kollari	clade 35 6 41
A. lucidus	clade 22 23 45




Aphelonyx 29 - 29
Biorhiza 6 34 40
Callirhytis 17 - 17
Cynips 1 - 1
Pseudoneuroterus 23 19 42
Synophrus 4 1 5
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haplotype	variation	(p = .007;	Table	3a).	Megastigmus dorsalis	sp.1	was	
more	often	associated	with	autumn	galls,	while	M. dorsalis	 sp.2	was	




3.1.3 | M. dorsalis species 2 contains host races 
attacking galls on different host- plant taxa
Structure	 analysis	 of	 M. dorsalis	 sp.2	 gave	 strongest	 support	 for	
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    Quercus
Season
    spring
    autumn
Plant organ
    acorn
    bud
    catkin
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Host gall trait Taxon df Variance component % of total variation Trait F- statistic p- value
(a)	Patterns	in	cytb	haplotype	data
Host	gall	food	plant M. dorsalis	morpho	sp. 1 −0.003 −0.60 FCT	=	−0.006 .486
M. dorsalis	sp.2 1 0.029 5.86 FCT	=	0.059 .016
Host	gall	
phenology.
M. dorsalis	morpho	sp. 1 0.028 6.36 FCT	=	0.064 .007
M. dorsalis	sp.2 1 −0.019 −4.05 FCT	=	−0.041 1.000
Host	gall	plant	
organ.
M. dorsalis	morpho	sp. 4 −0.009 −2.20 FCT	=	−0.022 .779
M. dorsalis	sp.2 4 0.034 6.93 FCT = 0.069 .030
(b)	Patterns	in	microsatellite	data
Host	gall	food	plant M. dorsalis	sp.2 1 0.244 13.61 FCT = 0.136 .008
Host	gall	
phenology
M. dorsalis	sp.2 1 −0.087 −5.23 FCT	=	−0.052 1.000
Host	gall	plant	
organ













sampled from section Quercussampled from section Cerris
sampled from section Quercussampled from section Cerris
sampled from section Quercussampled from section Cerris

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  sp. 1
M. dorsalis


















     |  11NICHOLLS et aL.









Table	3b;	 cytb:	 5.86%	 of	 the	 variation,	 p = .016;	 Table	3a).	 This	





Only	 eight	 of	 112	M. dorsalis	 sp.2	 individuals	 had	 nuclear	 gen-
otypes	 or	 mitochondrial	 haplotypes	 that	 were	 inconsistent	 with	
expectations	 based	 on	 the	 oak	 from	 which	 their	 host	 galls	 were	
sampled	 (detailed	 summaries	 for	 each	 individual	 are	 provided	 in	
Table	4).	 Incorporating	prior	 information	about	 the	oak	 from	which	
an	 individual	was	sampled	 into	our	Structure	analysis	removed	one	






1. Three	 individuals	 (Mdor2368,	 Mdor2204,	 Mdor1352)	 had	 a	 nu-
clear	 genotype	 typical	 of	 other	 samples	 reared	 from	 galls	 on	
the	 same	 oak	 section	 but	 had	 cytb	 haplotypes	 diagnostic	 of	
the	 second	 cluster.	 This	 nuclear/mitochondrial	 mismatch	 could	
have	 arisen	 either	 through	 introgression	 between	 host	 races	
followed	 by	 extensive	 back	 crossing	 to	 the	 correct	 host	 race	
or	 incomplete	 mitochondrial	 lineage	 sorting	 between	 the	 two	
host	 races.	 We	 found	 both	 possible	 nuclear/mitochondrial	 gen-
otype	 mismatches	 (i.e.,	 a	 nuclear	 genotype	 that	 matches	 other	
samples	 from	 section	 Quercus	 combined	 with	 a	 cytb	 haplotype	
diagnostic	of	section	Cerris,	and	vice	versa),	indicating	that	female	
dispersal	 between	 host	 oak	 sections	may	 have	 occurred	 in	 both	
directions.






3. Individual	 Mdor2604	 was	 reared	 from	 a	 host	 gall	 on	 a	 section	
Quercus	oak,	despite	having	a	mitochondrial	haplotype	and	nuclear	
ancestry	 (with	probability	 of	1.0)	 derived	 from	 the	 section	Cerris 
host	 race.	 This	 pattern	 is	 best	 explained	 by	 oviposition	 on	 the	
wrong	host	by	a	mother	from	the	section	Cerris	host	race.
4. Individual	Mdor1428,	sampled	from	section	Quercus,	had	high	pos-




3.1.4 | Little evidence of parasitoid population 
structure associated with host gall location
The	plant	organ	galled	by	the	host	gall	wasp	explained	no	significant	
cytb	 sequence	 variation	 within	 the	 M. dorsalis	 morphospecies	 as	 a	
whole (p = .78;	Table	3a;	Figure	2)	but	explained	significant	structure	
for	M. dorsalis	sp.2	(p = .03;	Table	3a).	However,	host	gall	location	was	
associated	with	no	significant	genetic	structure	for	the	more	variable	
and	 informative	microsatellite	data	 (p = .14;	Table	3b)	 for	M. dorsalis 
sp.2,	 suggesting	 that	 the	cytb	 result	 for	 this	 species	may	be	a	 false	
positive	(Type	1	error).
3.2 | Genetic structure supports recruitment of 




and	 two	 that	were	 shared	with	 the	Hungarian	population	 (one	was	
common	in	both	locations,	the	second	was	very	rare	in	Hungary	but	
sampled	at	15	times	the	frequency	in	the	UK).	While	the	geographic	
distribution	 of	 haplotypes	 shows	 little	 apparent	 structure	 within	
Europe	 in	M. dorsalis	 sp.1	 (Figure	4),	 AMOVAs	 incorporating	 haplo-
type	frequencies	showed	significant	differentiation	between	samples	
of	M. dorsalis	 sp.1	 from	 Hungary	 and	 samples	 from	 each	 of	 native	
and	invading	hosts	in	the	UK	(FST	=	0.036,	p = .022;	and	FST	=	0.028,	
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4  | DISCUSSION
Our	results	show	genetic	structuring	within	the	parasitoid	morphos-
pecies	 Megastigmus dorsalis	 that	 is	 associated	 with	 host	 gall	 wasp	
traits,	 revealing	 previously	 unknown	HAD	within	 this	 species	 com-
plex.	We	have	shown	that	the	two	cryptic	species	first	described	by	
Nicholls,	 Preuss,	 et	al.	 (2010)	 show	 differing	 seasonal	 phenologies,	


















sity	 creating	 multiple	 ecological	 niches	 that	 lead,	 in	 higher	 trophic	
levels,	 first	 to	 specialized	ecotypes	and	ultimately	 to	 reproductively	
isolated	 species	 (Emerson	&	Kolm,	2005).	We	hypothesize	 that	 the	
Megastigmus	species	attacking	oak	galls	in	the	Western	Palaearctic	il-
lustrate	stages	along	 this	continuum	 (Figure	5).	Megastigmus dorsalis 
sp.1	is	a	very	polyphagous	species	that	(on	the	basis	of	cytb	haplotype	













and	 Nicholls,	 Preuss,	 et	al.	 (2010)	 combined.	 It	 shows	 high	 genetic	
diversity	 in	both	cytb	haplotypes	and	microsatellite	data,	and	this	 is	
strongly	 structured	at	 the	 trophic	 level	of	 the	 food	plant	utilized	by	










not	 in	 mitochondrial	 haplotypes;	 Powell	 et	al.,	 2013,	 2014;	 Hood	
et	al.,	2015).	The	rarity	of	gene	flow	between	the	two	host	races	(iden-















Taxon assessed Source of variation df Variance component % of total variation F- statistic p- value
(a)	UK	natives	and	Hungary
 M. dorsalis	sp.1 UK	native	vs.	Hungary 1 0.011 3.62 FST = 0.036 .022
Within	country 228 0.289 96.38
(b)	UK	invaders	and	Hungary
 M. dorsalis	sp.1 UK	invader	vs.	Hungary 1 0.008 2.80 FST	=	0.028 .048
Within	country 228 0.292 97.20
(c)	Native	or	invading	host	galls	in	the	UK
 M. dorsalis	sp.1 Native	vs.	invading	
hosts
1 −0.002 −1.04 FST	=	−0.010 .612
Within	hosts 50 0.158 101.04
     |  13NICHOLLS et aL.











Three other Megastigmus	 parasitoid	 species	 attack	 Western	
Palaearctic	 oak	 galls:	 two	 larger	 species	 (M. stigmatizans,	 M. syno-
phri)	 and	one	 species	 (M. dumicola)	 of	 similar	 body	 size	 to	M. dorsalis. 
Divergence	between	these	species	could	reflect	the	final	stages	of	spe-
ciation	through	ecological	differentiation	(Figure	5).	Each	attacks	hosts	
associated	with	 just	 a	 single	oak	 section,	 and	attacks	 far	 fewer	hosts	









4.2 | Community- level implications of host 























































66 across the whole morphospecies
F IGURE  6 Parsimony	networks	of	
cytochrome	b	haplotypes	sampled	from	




















Haplotype on Cerris oak
Haplotype on Quercus oak













their	 demonstrated	 role	 in	 structuring	 parasitoid	 communities	 in	
oak	cynipids	(Bailey	et	al.,	2009).	A	question	that	follows	is	whether	
parasitoid	populations	 could	be	 structured	by	 additional	 host	 gall	
traits,	or	even	across	host	gall	species.	While	this	is	possible	in	prin-
ciple,	 achieving	 the	 statistical	 power	 required	 to	 discriminate	 the	
effects	of	larger	numbers	of	gall	traits	would	require	more	extensive	
sampling,	both	of	different	gall	 types	and	of	parasitoid	 individuals	
from	 each	 gall	 type.	We	 hypothesize	 that	 genetic	 structuring	 of	
parasitoid	populations	at	 the	 level	of	galler	species	within	a	given	
oak/phenology/location	phenotype	would	be	unlikely,	because	the	









4.3 | Lack of HAD and recruitment of native 
parasitoids to invading herbivore hosts
The	differing	 levels	 of	within-	species	HAD	observed	 in	 this	 system	
are	 relevant	 to	 the	 broader	 issue	 of	 the	 biocontrol	 ecosystem	 ser-
vice	provided	by	native	parasitoids	against	invading	herbivore	hosts.	
The	 recent	 invasion	 of	 northwestern	 Europe	 by	 oak-	feeding	 cynip-
ids	 has	 provided	 new	 sets	 of	 host	 traits	 for	 native	 parasitoids,	 and	
of	the	two	cryptic	species	in	the	M. dorsalis	morphospecies,	only	na-
tive	 populations	 of	 the	more	 generalist	 and	 less	 structured	 species	
1,	attacking	autumn	galls,	significantly	exploit	these	hosts	in	the	UK.	
Other	parasitoids	have	also	 recruited	 rapidly	 to	 invading	gall	wasps	
in	 the	UK	 (Schönrogge	 et	al.,	 1995,	 2000,	 2012),	 and	 it	 remains	 to	
be	seen	whether	data	for	these	species	are	more	compatible	with	ei-




cies	would	be	more	effective	 in	 this	 role.	Support	 for	 this	hypothe-
sis	 comes	 from	 recruitment	 of	 parasitoids	 that	 normally	 attack	 oak	
cynipid	gall	wasp	hosts	to	the	galls	of	the	invasive	oriental	chestnut	
gall	wasp,	Dryocosmus kuriphilus,	 an	 economically	 important	 pest	 of	
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